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FOREWORD

The tests described in this report were conducted under
NASA Apollo Contract NAS 9-150.

This report was prepared by J. K. KaEawa of the Wlnd

Tunnel Projects Group, Los Angeles Division.

E. C. Allen- 3upervls_

Wind Tunnel Test, S.I_. _/Wlnd Tunnel ProJ_ts, L.A.D.

pAA

SZ1)-62-778



NORTH AMERICAN AVIATION, INC. SPACI and INFOI_I4[ATION 81"lrI'BMS DIVISION

This report contains results of the aerodynamic force

tests of the O.105-scale FS-2 Apollo model and presents basic

wind tunnel test data only, in order to make the test results

available at the earliest possible date. Analyses and

summary of results will be reported later under separate

cover.
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"1

I. INTRODUCTION

Wind tunnel tests of the 0.10_scale Apollo force
model 1_-2 were conducted in the Ames Unitary Plan Wind
Tunnels to investigate the static stability characteristics
of the launch escape system, and to evaluate the effects
of changes in the aft portion of the escape rocket. The

con£1guratlons were tested over an angle of attack range of

-15 ° to +$5". The Mach number range.at which these data wereobtained extend from 0.7 through 2.4

-1-
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II. REMARKS

Thls investigation was conducted on the 0.105 scale

model of the Apollo to obtain aerodynamic force and stablllty

characteristics of various launch escape system confiEuratlons.
Various flow separating discs were attached to the aft end
of the launch escape motor to study their effect on the
stability of the launch escape system. These configurations
are illustrated on page 6.

The tests were eonducted over a Math number range from
0.7 to 2.4 utilizing the 11 x 11 foot and 9 x 7 foot legs of
the Ames Unitary Plan Wind Tunnel durlnE the period from
10 May to 16 May 1962. Test procedures, lnstrtueentation,
amd data reduction were identical for both tuanels.

The data obtained from these tests are presented in
the appendices of this report. Appendix A contains the
data obtained In the 9 x 7 foot lee (M - 1.55 - 2.,) and
Appendix B contains the data obtained In the 11 x 11 foot
les (M = o.7 - 1.35).

-2-
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III. MOI]U.. DESCRIPTION

A. General

The FS-2 model is a 0.105-scale replica of the

Apollo command module and launch escape system. To
cover the required angle of attack range, three basic
command modules were constructed. These modules con-

sisted of a steel balance cavity block enclosed by a
cast aluminum shekl. All modules are identical except
that the balance cavities are positioned such that ten

different balance installations, are possible, in which
the angle between the model axis and balance axis is

varied. All three modules are designed to accept the

escape tower configurations throughout the required

ansle attack range for the launch escape system.

The stress analysis of the FS-2 components is
presented in Reference (b) and detailed model design
and tunnel installation drawings are included in
Reference (a).

-3

SID-62-778



NORTH AMERICAN AVIATION, INC. 8PAC_ and INPORMA_ON 8YS"I_M8 DIV181ON

_I. MODEL DESCRIPTION

B • MODEL NOMENCLATURE
is

Sjmbol Description

C2 Command Module. Max Dia.

- 154 in.

T9 Tower Struc_.
- 114.51 in.

Length

E14 Escape Motor. Length -
252.39 In. 30" flared
skirt with 1.8 diameter

ratio.

E17 Escape Motor. Length -
252.39. 30* flared skirt

with 3.0 diameter ratio.

E20 Escape Motor. Length -
252.09. Same as E14
with 65 in. disc mounted
f_d. of the flared skirt.

E23 Escape Motor, Leith -
25 .88 in. flared
skirt with 65 in. disc
attached to base.

E37 Escape Motor. Leith -
252.$9. 34* flared skirt.
78 in. disc attached to

tower struetur_ 8_.67 in.
aft of motor base.

E38 Escape Motor. Same as E23
except 6 in. clipped off
bottom of disc.

E39 Escape Motor. Same as
E37 with 65 in. disc
mounted on the motor
skirt base.

VrawLnE
No. Sketch

7121-01077 Page 8

7121-0179-11 Page 7

7121-o108o-_, Page 6

-9,-11,-18

7121-0108o Page 6
-2,-9,-18,
-22

7121-01080 Pase 6

-2j_9,-10,-11,
-16, and -21

7121-O1080 Page 6
-2,-9,-15,-18

7121-01080 Page 7
-2,-9,-15,-18

& 7121-01079
-12

7121-01080-2,Page 6
-9,-15,-18,
-20

7121-01080-2,_page 7
-9,-I_,-15,-18
& 7121-01079
-12
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III. MOIXL DESCRIPTION - continued

D. Dimensional Da_a (_11 Scale)

Model Factor = .105

Command Nodule, C2 (Dwg. No. 71_-oio77)
_x._meter, in.

Radius of spherical blunt end, in.
Corner radius, in.
Nose cone se_i-ar_le, in.

Nose cone vertex radius, in.

Total height, in.

Frontal area, ft. 2

Tower St_uetAwe, T9 (Dwg. No. 7121-01079)

T@w_ ler_th, in.

Number or longltudlnal members

Diameter of lonEitudinal member, in.

Diameter of cross braces, in.

Distance between attachment points at

fommand module, in.

DiStance between attachment points at
escape motor, in.

Escape F_tor, El4 (Dwg. No. 7121-01080)
Total length, including £orwa_d Jettison
motor, in.
Length of Jettison motor, in.

Diameter of escape rocket and Jettison
motor, in.

Diameter of escape rocket base, in.
Skirt flare angle, degrees
Nose radius, in.

Nose included angle, degrees
Skirt diameter ratio, D_/Dm

Escape Motor, EI7 (Dwg. No. 71ai-01080)

Diameter of escape rocket base, in.
Skirt diameter mtlo, _"
All other dimensions same as El4

15_.0
18_.8

7.7
33.0
9.152

135. 021
129. 351

114.51
4

46.752

21.905

26.0
47.0
30.0
2.0

30.0
1.8

78.0
3.0

_-a
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llI. MODEL DESCRIPTION - continued

De DimensionsA (Fun scale)

Escape Motor, E20 (Dwg. No. 7121-01080)

Diameter of escape rocket base, in.

Skirt diameter ratio, Ds/Dm

Sklrt-disc diameter, in.

Disc diameter ratlo, D_/q)m
Distance of sklrt-dlsc from skirt,
All other dimensions same as EI_

in.

52.0
2.0

65.0
2.5
0.5

Escape Rotor, E23 (Dwg. No. 7121-01080)

Total length, including forward Jettison

motor, in,

Length of Jettison motor, in.

Diameter of escape rocket and Jettison

motor, in.

Diameter of escape rocket base, in.

Skirt flare angle, degrees

Skirt diameter ratio, Ds/_m

Diameter of ring forward of skirt, In.

Diameter of dlsc attached to

Disc diameter ratl_D_/Dm

Thickness of disc, in.

26.0

2.0

28.95
rocket base, in. 65.0

2.5

2.5

Escape Motor, E37 (Dwg. No. 7121-01079-01080)

Total length including forward Jettison

motor, in.
Length of forward Jettison motor, in.

Diameter of escape rocket and Jettison

motor, in.
Diameter of escape rocket base, in.

Skirt flare angle, degrees
Diameter of disc, In.

Thickness of disc, in.

Distance of dlsc position aft of

rocket base, in.

Nose included angle, degrees

Nose radius, in.

26.0

51.85
3_.o
78.0
2.38

8 .67
30.0
2.0

Escape Motor, E38 (Dws. No. 7121- 01080)
All dimensions same as E23 except b inches

clipped off bottom of disc.

Escape Rotor, E39 (D,E. No. 7121-01080)
as E57 wlth65 inch disc mounted on

the motor skirt base.

8-b

SID-6_-778



NORTH AMIrRfCAIN AVIATION, INC. 8PA_"IR _ INFOI_MJIfl"ION _

i

IV. T_T FR_

&. Test Nomenclatu .re

Oe,neral

free-stream Mach number

angle of attack of model axis of symmetry (zero

for apex forward), degrees

q

A

angle of sideslip of model axis of symmetry,

degrees

free-stream dynamic pressure, ib/ft 2

model reference area, 1.4281 ft 2

Kc configuration number code

d

offset angle code

model reference diameter (maximum diameter of

command module), i. 3475 ft

@

R

Pt

POo

Pb

Cpb

angle between balance-axis and model axis of

symmetry, degrees

Reynolds number based on reference diameter

free-stream total pressure, ib/ft 2

free-stream static pressure, ib/ft 2

balance cavity pressure, ib/ft 2

balance cavlty-pressure coeff_clent,

Pb - Poo

q

-9-
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Ae

IV. T_T FR_ - continued

_est Nomenclature, - continued

Stability system of axes with origin at center of gravity

CD drag coefficient (not corrected for base
effects) drag/qA

lift coefficient, llft/qA

pltchlr_-moment coefficient, pltchlng-moment/q&d

slde-force coefficient, side force/qA

yawlng-moment coefficient, yawing moment/qAd

rolllr_-moment coefficient, rolling moment/qAd

CL

Cm

CY

Cn

lift-to-drag ratio, CL/CD

Bod_ system of axes with origin a t

CNl normal-force coefflclent,

CAZ

Cnl

cn

center of _avlty

normal force/qA

axlal-force coefficient (not corrected for

base effects), axial force/qA

yawlng-moment coefflcAent, yawing moment/qAd

rolllng-moment coefficient, rolling moment/qAd

Body system o,f axes with origin at command module

projected cone apex

Cm2

Cn2

(xcp)M

(Xcp)y

pitching-moment coefficient, pitching moment/qAd

yawing-moment coefficient, yawing moment/qAd

center-of-pressure location in the normal force

direction, reference diameters from cone apex,

negative toward heat shield, -(Cm2/CNI)

center-of-pressure location in the side force

direction, reference diameters from cone apex,

negative toward heat shield, -(Cn2/Cy)

szD-6a-??8
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Ao

IV, TEST PR_ - continued

Text Nomenclature - continued

Cemter-of-_avity locations

(a) Launch escape system

0.610 d forward of heat shield surface or 0.315 d

aft of apex measured along the axis of symmetry

0.0_ d in the negative normal-force directlon,

measured D_om the axis or symmetry

-11-
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IV. TL_T PROCEDURE - cor..Inued

B. Model Installation

The FS-2 Apollo model was installed on the Ames

2-i/2 inch Task MKKI balance and sting combination.

Adapters of proper lengths were selected for the two

tunnels to locate the model in the proper position for

schlleren or shadowgraph pictures,

The basic angle range for the support systems in
both tunnels extended from _= -14.7 to +14.7". This

__range, combined with the various model offset angles

(@) allowed complete coverage of the angles of attack

required in the test program. For example, if @ = 20",

an angle of attack range of 5.3" to 34.7" was covered.

For both tunnel installations, no bent stings were

utilized. A typical installation sketch is shown on

page _.

-12-
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IV. TEST PROCEDURE - continued

Co Instr_,mentation

In both tunnels six component force data were

measured by the Ames 2-1/2 inch (Task MK XI) internal

balance. The output of each element was fed into the

Ames ASGAR digitizing equipment and the data were

reduced at a remote computer location. The reduced data

were then transmitted to a flexowriter and plotter
located in the tunnel control room.

Base pressure readings were obtained but were not

used in the data reduction. Schlleren motion pictures
were obtained in the Ii x ii ft. tunnel and shadowgraphs

were taken in the 9 ft. x 7 ft. tunnel. Prints are on

file at the Ames Research Center Unitary Plan Wind

Tunnel facility.

-14-
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• APPENDIX "A" 9 x 7 FT. TUNNEL TEST NO. i00

TABULATED TEST DAT_
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NORTH AMERICAN AVIATION, INC. _ IIPACB_ INFORMATION BYBTEM8 DIVISION

INnEX 0_ FIQORES

Am Launoh ]r_oape System Cha_ctertstlcs
CD, CL, Cats, Ca, CN, C._, Xcp/l)vs.

i. Confl&,uration= El4 T9 Flgure Page

N - 0.7 la-K C4-C10
N - 0.9 2a-g CZl-C17
N - 1.1 3a-g C18-C2;;
N - i. 2 _a-8 C25-C31
M - 1.3 5a-K C32-C38

2. Conflguratlon: El7 T9 C2

N -1.1 6a-K C39-CA5
M - 1.2 7a-S CA6.-C52
N - 1.35 8a-g C53-C59

3. ConflK uz_atlon: E20 T9 C2

N- 0.7 9a-g C60-C66
N- 0.9 l Oa-s C67-C73
N - 1.05 ].].a-S C74-C80
N - 1.10 12a-s C81-C87
N - 1.].5 13a-s C-88-C9_
N - 1.2o z_.-s c95-czol
N - 1.25 15a-g C102-C108
X = 1.35 ].6a-S C109-C115
N - 1.55 17a-8 ci16-c122
N = 2.00 18a-8 C123-C129
M = 2./$0 19a-g C130-C13b

_. ConflKuraClon: E23 T9 C2

N = 0.7 20a-g ¢I_7-C143
N - 0.9 21a-8 Ci_-C150
lq - 1.05 22a-s C],51-C15_'T
M- 1.10 23a-8 Cl.58-Clbq.
lq - 1.15 211a-8 C165-C171
M - 1.2P 25a-g C172-C178
M - 1.25 26a-g CZ79-C185

M- 1.5_ 28a-K C193-C199
M - 2.00 29a-g C200-C206
M - 2.40 30a-S _:-0213

C-2
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NORTH AMERICAN AVIATION, INC° SPACE aJ_d INFORMATION SYSTEMS DIVISION

INDEX OFFIGURES - continued

A.

Be

Launch Escape System Characteristics

CD_ CLm Cmcg, CAj CN, CmA, Xcp/D vs.

5. Configuration: E37 T9 C2 Figure Page

g - 0.7
g= 0.9
N - 1.10
M I 1.20
M - 1.35

31a-g C214-C220

32a-g C221-C227
3_-g C228--C2_4
34a-g C235-C241
35a-g c2¢2-C248

6. Configuration:

N- 0.7
g-0.9
g - i.i0

g - 1.21

M -_1.35

E38 T9 C2

36a-g C249-C255

_:_ C256-C262C263-C269
39a-g C270-C27b
_0a-g C277-C283

o Configuration:

g = 0.70
g - 0.90
M = 1.10

M - 1.20

M = 1.35

M - 1.55
g - 2.00

g - 2.40

E39 T9 C2

41a-g C28_-C290

42a-g C291-C297

43a-g C298-C304

4_a-S c310_C311_45a-g c312 C318
_6a-g C319-C325

N:I  3,6-o33 c333-C339

Effect of Maeh Number

Launch Escape System Characteristics, - 0 °

CD, CL, C_og, CA, C_, CmA, Xcp/Dvs. g

Configuration: E T9 C2 49a-g C340-C346

C-3
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